Triggered by debates on climate change and energy security, renewable energy sources are presently high on the political agenda in many countries. In this regard Russia seems to stand aside worldwide developments. Until recently Russia's enormous potential in renewable energy sources remained poorly utilized. However, Russia's formal commitment to the global climate change regime, its new Energy Strategy 2030, and an increase in wood pellet production suggest a discontinuity. This paper investigates and explains the (limited) progress in the solid bioenergy sector in Northwest Russia. With little Russian experience in this sector, poor technological knowledge on renewables, and inadequate domestic market structures, the development of a domestic solid bioenergy sector is far from easy. Hence, Northwest Russian wood pellet developments cannot be traced back to new federal policies, only partly to local demand and stimulation, and significantly to foreign drivers. Major EU demand for wood pellets and intensified collaboration with foreign companies and organisations leading in the field of solid bioenergy research, technology and trade have triggered these developments. But it is a long way before Russia will be released from its fossil fuel addiction, as repeatedly promised by governmental officials.
Introduction
Climate change and energy security have been the most widely discussed problems in the recent years on sustainability agendas. In these debates the development of renewable energy sources is often seen as an adequate response, as it secures energy provisioning with less impact on the environment. While countries all over the world face the challenge of and developed policy for increasing the share of renewable energy in their national economies, until recently Russia proved to be one of the few exceptions. With large fossil fuel reserves 2 , major state companies pursuing high interests in capitalizing on a fossil fuel economy and export, a state-dominated economy and technological innovation system, little room seems to exist for developing a renewable energy sector. Hence, the percentage of combined geothermal, solar energy, wind energy, bioenergy and biofuels remains at around 1% of total energy generation; only hydropower has developed more significantly, and is responsible for almost 2% of total primary energy supply in Russia [2] (Fig. 1 ). According to Russian national policy-makers among the renewables (solid) biomass plays only a marginal role [3] . Out of the 156 existing major renewable power facilities 6 are using biomass, 3 use biogas, 2 use associated gas from coalmining, and there are 2 tidal power plants, 8 Russia's Energy Strategy till 2030 [4] is sometimes regarded as a turning point in Russian energy policy, as it for the first time defined quantitative targets for electricity generation from renewable energy. Moreover, the Strategy prioritizes the development of an innovative economy through advances in innovative technologies in energy efficiency and non-carbon energy sources, with a gradually reducing role of the state. Arguably, the region and sector where developments in non-hydro renewables have progressed most strongly lately in Russia is solid biofuels (especially wood pellets) in Northwest Russia. For two decades, this region has been involved in solid bioenergy production, domestic use and export to bordering states, mainly EU countries such as Finland and Sweden. In analysing this development of solid bioenergy in Northwest Russia we aim to better understand the main drivers and favourable conditions for further expansion of the solid bioenergy sector in Northwest Russia and green innovation in the Russian energy sector.
Data for this case study have been collected through literature review, analysis of local, national and regional policy documents, analysis of statistical data on renewable energy in Northwest Russia, and through 18 in-depth interviews with different stakeholders in the Northwest Russian bioenergy sector (regional organisations, financial institutions, Russian governmental agencies, companies, research institutions, and environmental NGOs). The next section introduces developments in Russia's solid bioenergy sector, with special focus on Northwest Russia. Subsequently, we analyse to what extent federal policies, domestic developments in Northwest Russia, and foreign involvement and linkages can explain the modest take off of solid bioenergy in Russia. The final section draws some conclusions.
Solid bioenergy production in (Northwest) Russia
Forest and wood energy Forests account for around 52.5% (88.5 million ha) of land in Northwest Russia [7] , an area almost equal to France and the United Kingdom together. Mature and over mature forests constitute some 6 billion m 3 of the total 10 billion m 3 growing stock [8] . Most of the forest resources are found in the regions Vologda and Arkhangelsk, and Republics of Karelia and Komi [7] . Main tree species used in the forest industry comprise spruce, pine, birch and aspen, with the former two prevailing in the northern boreal forest [9] .
Forestry and pulp and paper industries are among the most important industries in the Russian Northwest. On a national scale some 61% of pulp and paper, 37% of plywood, around 33% of industrial roundwood, and 28% of sawn timber was produced in the region in 2010 [10] . However, the industrial potential is not fully used, as only 50 million m 3 of the 124 million m 3 annual allowable cut was harvested in 2010 [11] . The actual harvest comprised 40.2 million m 3 from mature stands (80.4%), 5.1 million m 3 from thinnings (10.2%) and 4.7 million m 3 from other felling (9.4%), pointing at extensive forest management practices [10] . Representative of the President of the Russian Federation. These Representatives oversee federal law compliance in the administrative regions of the districts. 4 For instance, in intensive forestry management practices in Sweden thinning account for 30% of the total annual cut [12] .
Fig. 2.
Map of the Russian Northwest region [6] .
Bioenergy production
In Russia the development of the wood bioenergy sector began in the early 2000s against the background of an improving national economic situation and a rapid growth of demand for green energy around the world. Wood pellets production has received particular attention in Northwest Russia and later also in other regions with rich forest resources and a developed wood industry. However, large availability of forest resources, a relatively developed logistical infrastructure and proximity to the EU enabled Northwest Russia to become a pioneer in the wood pellet business [13] .
Wood pellets are solid biofuels with standard quality: low moisture content, high energy density and homogenous size and shape [14] . Pellets are made by compressing wood particles into small granules of 6-10 mm diameter size. Softwood (coniferous trees such as spruce, pine, larch) or hardwood (birch, aspen, alder) can be used for production of wood pellets [15] . Logs as well as low quality timber, sawdust and waste from logging and wood processing industries can be used for pelleting. Wood pellets represent a more efficient form of energy than regular firewood and are generally used for heating and electricity generation.
Small-scale pellet production in Northwest Russia started in 2001 at LLC Biofuel plant in Leningrad region, close to Saint Petersburg. This experimental facility did not produce large volumes of pellets, but provided important evidence and experiences for manufactures. Shortly after 2001 another 2-3 pellet plants started operations in Leningrad region [16] . In 2003 6-7 enterprises manufactured wood pellets and the Russian Biofuel Association was created to actively promote and support production and export of solid biofuel, as well as cooperation with foreign investors and equipment suppliers. In the following years the number of producers, production volumes and export volumes of wood pellets continued to grow (Fig. 3) . 5 Most of Russian wood pellet production is concentrated in the Northwest Russia, although production for foreign markets also appeared in Siberia and Far East.
Fig. 3.
Developments in wood pellets producers (right axis), production and exports from Russia (compiled by the authors from [16] [17] [18] [19] [20] [21] [22] ).
By the mid-2000s extensive networks were constructed and maintained through a specialised magazine, and numerous conferences and seminars on wood pellets production technology and market developments. In 2007 several pioneering small-scale wood pellets manufacturers shut down due to increased competition for raw materials between wood pellets manufactures and pulp and paper industry, enhancing large-scale production and increasing capital investments [24, 25] . Production capacities of 60,000-80,000 tonnes per year per plant became common, and production technology and business management professionalized.
Currently several large woodworking and forestry companies dominate Russian production and export of wood pellets. The five largest companies are responsible for about half of all export of wood pellets in 2013 (Table 1) . Northwest Russia accounted for 87% of national wood pellet production in 2012, although some large companies emerged in Siberia and Far East of Russia (e.g. DoK "Enisey" and "Arkaim") [22] . The major export markets for Russian pellets are located in Denmark, Sweden and Finland, new major markets have emerged in 5 Different sources present varying information on the wood pellets statistics, e.g. [13, 16, 23] , but all sources and informants report a general upward trend. South Korea [26] and smaller volumes are being exported to nearly 20 other European countries.
Table 1
Capacity and export estimations (2013) of the five largest pellet producing companies in Russia (compiled by the authors from [19, 27, 28] and personal communications). 
Company

Federal neglect of bioenergy
In Russia the importance of renewable energy sources, among which bioenergy, was for the first time mentioned by the Ministry of Energy in 1994 through the concept of small and alternative energy development. For the first time locally available fuels were assessed and estimations were provided for all types of renewable energy sources [29] . Subsequently, in the 1990s and early 2000s renewable energy returned several times on the political agenda, but was never successfully taken up in any national energy policy. to support enterprises generating green energy, has not been translated into practice; and other regulations have been severely delayed [31] . Frequent -almost annual -changes of internal governmental structures [32] and leading responsible officials in governmental institutions, is unlikely that the other upcoming targets will be met [33] . Recently, in the State Programme on "Energy Efficiency and Energy Development" for the period 2013-2020 the Russian government has decreased the 2020 objective for electricity production from renewable energy sources to 2.5% [34] . Renewable energy targets in Russia are rather flexible and can change quickly over time.
Development of bioenergy is addressed in several recently developed policy acts. For example, the 2013 Forestry Policy till 2030 mentions bioenergy and wood pelleting among the measures to improve the efficiency and profitability of the forest sector [35] . Additionally, the 2012 "Integrated Programme of Biotechnology Development in the Russian Federation for the period up to 2020" targets a broad development of various fields of biotechnology, among which bioenergy [36] . Both, however, do not go beyond general provisions and statements, and lack concrete (action) plans, sufficient budgets, and instruments. Arguably the most concrete national policy on stimulating bioenergy is related to technological innovation. The Russian government has created "technology platforms", where representatives from public, private, scientific and civil society institutions collaborate on innovation. Of the first 25 approved Russian technology platforms two relate to bioenergy: the Bioenergy Platform and the Russian Forest Technology Platform (RFTP) [38] . Critical voices point out, however, that technology platforms lack financial resources as well as formal instruments. Activities are often carried out on a project and ad hoc basis rather than representing a coherent long-term (technology) development strategy (personal communications).
Hence, overall the Federal government has achieved little to develop the renewable energy sector in general and the bioenergy sector in particular.
Domestic bioenergy market development: Northwest Russia
The enormous fossil fuel resources in Russia are unevenly spread. Most of the currently operating oil and gas fields are located in the Western Siberian region of Tyumen, in its Yamalo-Nenets and Khanty-Mansi Autonomous Okrugs [39] . The majority of Russian regions, less fortunate in fossil fuels reserves than Siberia, have to procure gas and oil for their regional electricity and heat generation. The federal level generally overrules regions in many respects, particularly with regard to energy policy. Because of the priority given to the development of fossil fuels, federal energy subsidies increase regional dependency while domestic fossil fuel price volatility further aggravates regional energy security. Thus, in contrast to the federal level, regions reveal more enthusiasm towards development of renewable energy, and in the case of Northwest Russia solid bioenergy appears to be most promising.
Rationales for a domestic bioenergy market
There are major potentials and drivers towards a larger use of solid bioenergy. In Northwest Russia gas, oil and coal represent around 80% of energy consumed and is to a large extent imported from other Districts or transported from the oil-rich Nenets Autonomous Okrug and Republic of Komi [40] . This vulnerability encouraged several Northwest Russian regions (e.g. Karelia, Arkhangelsk, Novgorod, Vologda, and Leningrad regions) to initiate regional forest bioenergy programmes. The urgent need for reconstructing and modernising the central heating system further stimulates bioenergy in Northwest Russia. Ageing of heating infrastructure has reached extreme levels: 65-70% of district heating fixed assets are obsolete [4] , 80% of the boilers are over 30 years old and 20% are over 50 years old; and more than half of the 200,000 kilometer fossil fuel pipeline network is beyond technical life expectancy [41] . This results in high energy losses during production, distribution and consumption, and increasing numbers of failures and accidents (27% increase between 2006 and 2009) [42] . Besides, conversion of oil and coal boilers to biomass boilers would also reduce greenhouse gas emissions [10] .
The forest industry has major potentials, both as consumer of biofuels and supplier of biomass to power generation companies and local utilities. Logging residues (e.g. tops of trees, branches and cut-offs of tree stems), low quality round wood from felling and thinning, and by-products of wood and pulp industries (e.g. sawdust, bark and chips) represent potential "energy wood" that could be used for energy generation to (partially) substitute fossil fuels in the energy balance. More than 60% of potential solid bioenergy in Northwest Russia comes from logging 'residues' and the rest from wood processing and pulp industry [43] . Based on current 50 million m 3 actual cut and actual mechanical wood processing potential bioenergy production in Russian Northwest from these three 'residue sources' is estimated at 61.8 TWh.
Full utilisation of the annual allowable cut (some 124 million m 3 ) and thinning as well as increased capacity for mechanical wood processing can deliver 207.8 TWh [10] . This is about double the total amount of electrical energy produced in Northwest Russia in 2013 (101 TWh) [44] .
But the current share of biomass, together with other renewables, in energy consumption of Northwest Russia is only 2% [45] . Poor use of locally available wood resources and poor utilisation of residues and wastes from the wood processing industry contribute to this. While more than half of the country's pulp and paper is produced in Northwest Russia, the timber, pulp and paper industry meets only some 20-30% of its own energy needs through solid biofuels, compared to 52% in Europe [46] .
Development of domestic market
A domestic wood energy market has developed rather recently in Russia and is still marginal compared to the European one. Domestic use of wood pellets has grown from around 5% in 2007 to a fluctuating level of 10-15% in 2012 [13, 21] . Currently there are about 200 wood pellet mills active in Russia, varying from few large producers with plant capacities of more than 100,000 tonnes per year to many small enterprises with small wood pellets production capacities. A specialisation exists among the companies, with the large producers oriented towards exports to the European market and small manufacturers covering both foreign and domestic markets (see Box 1). Availability of own feedstock as well as fluctuating European market prices and demand for wood pellets stimulate companies to turn to local markets and to become self-sufficient in company energy provisioning [20] . It is estimated that with doubling of wood biomass for energy use by 2030, from 32 million m 3 to 75 million m 3 , the national market will be more important than the export market for wood pellets [47] .
Renewal of district heating systems has also boosted the development of the local wood pellet market. Conversion of municipal boilers to biomass provides pellet producers a stable demand for their products. The Republic of Karelia illustrates the potential of bioenergy by successfully initiating in 2007 a regional programme "Active use of local energy resources for 2007-2010" to use locally available biomass in developing the heating sector. Among the 429 municipal boilers, 132 were converted to the use of fuelwood (i.e. wood, sawdust) and 17 run on wood chips. Among the 181 boilers that run on coal, 54 are co-fired with wood in spring and autumn. Consequently, wood energy accounts now for 18% of the Republic's municipal heat supply, which is significantly more than in other parts of the Russian Northwest and elsewhere in Russia [20] .
In addition, wood pellets are becoming increasingly popular with private owners of small-and medium-sized heating stations as well as private householders, especially in areas with high forest cover and lack of or expensive mineral energy sources [47] . In such areas wood pellets can be cheaper than gas, which improves competitiveness [48] . Pellet producers lobby local administrations to switch boilers to wood pellets and negotiate with large supermarkets to sell energy wood for small private consumers [49] . Larger pellet manufacturers, such as Novotop in Moscow, even open warehouses in big cities for selling mainly energy wood directly to local residents [15] .
While large manufacturers are primarily responsible for the growth of wood pellet production, small plants have advanced in wood briquettes. Wood briquette production in Russia in 2012 has reached 300,000 tonnes a year, with almost half of it sold on the domestic market [22] . Small businesses seem to gradually leave the pellet manufacturing sector and switch to briquette production [21] .
Obstacles of domestic bioenergy use
Despite these rational reasons and potentials to increase the use of biomass in Northwest Russian regions, major obstacles remain. Regional initiatives to improve energy efficiency and introduce biomass for energy production are carried out under the framework of the 2010 State Programme for energy saving and energy efficiency for the period up to 2020 [53] . The programme co-finances regional measures on the basis of signed agreements. The total estimated funding till 2020, some €237 billion, is shared between federal budgets, regional budgets and "extrabudgetary sources" (private investors) in the proportion of 0.7%, 6.6% and 92.7%, respectively. "Extrabudgetary sources", the major share of investments, represent the weakness of the programme. The Russian Audit Chamber reported that the Programme lacked 40% of the planned funding (€15 billion) for 2012, mainly because of insufficient contribution from "extrabudgetary sources", such as energy companies and other private entities [54] (see also Box 1 and 2).
The complex and non-transparent system of financing municipal heating in the Russian Federation poses a major obstacle to the conversion to local energy sources [55, 56] . Stakeholders involved in modernisation of municipal heating often have conflicting interests and the private investment climate is uninviting [20] . Moreover, by the end of 2012 only 28% of all regions had adopted regional legislation on energy saving and energy efficiency, as
Box 1. Domestic market: Sawmill-25
Lesozavod-25 (Sawmill-25), based in Arkhangelsk and part of the "Titan" group, is the largest woodworking enterprise in Northwest Russia. It processes about 800,000 m 3 round wood yearly, resulting in significant amounts of wood waste, mainly wood chips, bark and sawdust. Wood chips are sold to pulp and paper industries, bark is used at combined heat and power (CHP) facilities for own consumption, and sawdust (136,000 m 3 ) is used for wood pellet production. Using round wood for wood pellet production is economically not feasible at Sawmill-25. Sawmill-25 has used Joint Implementation financing twice. Firstly, the CHP plant was installed that increased the amount and efficiency of bark and wood waste use as a fuel for generating heat and electrical power. The total emission reduction of this project accounted for 215,000 tonnes of CO 2 eq [50] . Secondly, the wood pellet facility was financed through Joint Implementation due to cut down of methane emissions equal to some 100,000 tonnes of CO 2 eq [51].
The wood pellet facility was launched in 2008 and operates now three pellet production lines, producing annually 50,000 tonnes of pellets (personal communications). While 30,000 tonnes are exported to the Netherlands, Belgium and Denmark, local pellet use is expanding through cooperation between Arkhangelsk city municipality and the sawmill. Sawmill-25 constructed, owns and maintains 5 pellet boilers with a capacity of 1.5 MW to 4.5 MW. Sawmill-25 sells heat to the city residents for which 30-40% of produced pellets are used [52] . Development of the domestic market allows Sawmill-25 to diversify sales and safeguard stable pellet production, regardless of the volatile (European) pellet price and demand.
The forest plots leased by Sawmill-25 are all FSC certified, but part of the purchased round wood (around 60%) does not have FSC certification. The representative of Sawmill-25 did not witness yet FSC requirements for pellet exports to Europe and domestically forest certification for pellet production is also not required.
stipulated by federal law. Hence, the modernisation and greening of the energy system proceeds very slowly and half-a-century old fossil-fuel based energy generation facilities remain common 7 [54] .
Foreign bioenergy markets
The trade volume of wood pallets has increased rapidly between 2000 and 2010, from 8.5 PJ to 120 PJ [57] . The EU is the major consuming market for wood pallets, with a trade volume between EU and non-EU countries of 45 PJ in 2010, comparable in size to biodiesel and bioethanol trade [27] . Russia is the third largest wood pellet exporter to the EU (675,000 ton in 2012) after Canada (1,220,000 ton) and the USA (1,955,000 ton) [58] . The main driver for European wood pellet demand is the ambitious EU strategy for the reduction of greenhouse gases (GHG) and the increased use of renewable energy embodied in so-called "20-20-20 targets" or Climate and Energy Package: a mandatory target of 20% renewable energy in final energy consumption by 2020, as well as a minimum of 10% for biofuels [59] . In 2012 there were approximately 500 pellet plants operational across Europe, producing around 10.6 Mtons of pellets which equals around 50% of global production [58] . The European Union 7 As an illustration, generators at Omsk and Saransk CHPP are in operation for 50 years, twice as much as their service lifetime. Energy losses in energy networks have reached 10-12% by 2012, while these were estimated at 2% at the beginning of the 1990s [54] .
Box 2. Export market: Vyborg Forest Corporation
Vyborgskaya Cellulose is one of the oldest and largest pulp and paper enterprises in Russian Northwest. After privatisation in the early 1990s, in 2010 Vyborgskaya Cellulose (renamed in 2011 into Vyborg Forest Corporation) revealed plans for the construction of the world's largest wood pellet plant with an annual production capacity of 1 million tonnes, located on the Baltic Sea coast close to the border with Finland. Vyborg Forest Corporation is a pellet producer fully oriented towards export to Europe.
The French subsidiary of Russian VTB bank together with Texel Capital Ltd has financed the pellet plant, taking into account an expected payback time of 7 years and with the Swedish trader Ekman & Co as exclusive sales agency for selling wood pellets on European markets [87] . Foreign technology was purchased, including two debarking lines, four belt dryers, 16 hammer mills and 36 presses (personal communication).
Resource availability for such a giant pellet plant is crucial. An installed capacity of 1 million tonnes requires about 2.5 million m 3 of low grade round wood as raw material. The company secured raw material delivery from Leningrad, Pskov and other regions, through leasing forest plots for 49 years according to the Forest Code, and from forest auctions in other Russian regions (personal communications). The company focuses on FSC certification of leased forest plots as well as purchasing FSC certified wood from enterprises (personal communications), guaranteeing access to European markets. Even though the close location to European markets and construction of a port terminal for pellet shipment provide the company a competitive advantage [18] , the company continuously operates below installed capacity (at 300,000 tonnes per year) [28] . Round wood harvesting and transport expenses add up to about €80 per tonne, while average wood pellet prices fluctuate around €100 per tonne [15] . In 2013 the company had a debt of €10 million [88] .
consumes 85% of global wood pallet demands and the gap between production and consumption in the EU (2.5 Mtons in 2010) is still growing [27] .
The proposal of the EU Commission to raise the EU renewable energy targets to 27% by 2030 [60] is expected to increase European demand for pellets in the coming decades. While presently the world market experiences no shortage of energy from wood, doubling the wood supply to meet renewable energy targets would be a significant challenge and would involve substantial environmental, financial and institutional costs. In this light Northwest Russia, with its vast forest resources and closeness to the EU, offers an attractive opportunity for stable wood pellet imports [61] .
Cross-border cooperation for the development of bioenergy
Northwest Russia has historically played an important role in relations between Russia and Europe. After the collapse of the Soviet Union Northwest Russia became increasingly engaged in cross-border cooperation networks. Early cooperation initiatives in the 1990s were framed around the development of civil society, fostering democracy and stimulating the transition to a market economy. Later economic cooperation started to prevail. Many peripheral regions of Northwest Russia have developed different forms of cross-border cooperation, varying from ad hoc collaborative activities to more structured and institutionalized cross-border integration, such as Euro-regions. Cooperation on sustainable energy and biomass was always central in cross border cooperation.
The 1990s were characterised by rapid evolvement of transboundary energy cooperation between Northwest Russia and neighbouring countries. The first years of collaboration resembled an euphoria associated with far-reaching aspirations of the involved actors for seemingly unlimited opportunities and bright perspectives of cooperation [62] . The transformation of the Northwest Russian energy system, however, did not happen at the desired speed and economic cooperation had mixed successes. Nevertheless established transboundary networks paved the path for further regional collaboration. Building trust and recognising cultural, institutional and legal differences became an important part of early cooperation networks [63] . The starting bilateral energy cooperation later engaged regional and multilateral organisations. In addition, aid cooperation in the early 1990s was increasingly shifting towards mutually beneficial collaboration and market relations between Russian and Nordic actors in the 2000s.
Cooperation with Nordic countries
Sweden was among the first European countries after 1990 to set up energy collaboration with Northwest Russia and the Baltic region through the framework of Environmentally Adapted Energy Systems (EAES) programme. The EAES programme was launched in 1993 as part of the Pilot Phase of Activities Implemented Jointly (JI) within the UN Framework Convention on Climate Change. It primarily focused on energy efficiency improvements and increasing use of renewable energy sources in the Baltic Sea region (Estonia, Latvia, Lithuania, Poland, Northwest Russia) [64] . 8 The main activities in EAES addressed emission reduction potential from oil or coal-fired energy production plants through conversion to the use of wood biofuels, reduction of heat losses in district heating systems, and improving energy efficiency in buildings [65] . Activities were funded via loans from the Swedish National Energy Administration to municipalities or municipal heating companies for the period of 10 years. It was a "learningby-doing" experience in transfer of robust technology, market transformation and capacity building [66] . 9 Disappointing examples, however, were not rare. The conversion of a district heating plant to wood biomass in the village Derevyannoe in the Republic of Karelia took two years of obtaining permission and persuading all parties of the feasibility and the benefits of a biomass-powered heating system. After final start-up in 2000, the company never managed to become profitable and went bankrupt in 2007. But the successes and failures did provide Swedish companies knowledge and experience of working in Russia, and gave Russian actors new technological insights and skills to function under market conditions. A broad network of authorities, universities, energy institutes, municipalities, and energy companies was created with experiences in knowledge and best practices collaboration. Likewise, Denmark, Finland and Norway built cross-border networks on modernization of the energy system, energy efficiency and renewables [69] [70] [71] [72] [73] . More recently cooperation agreements in energy efficiency and renewable energy were signed between Russian agencies and some European states (Netherlands, France, Italy, the United Kingdom, Portugal, Slovakia, Ireland and Iceland).
Involvement of regional and multilateral actors
Towards the change of the Millennium Nordic countries increasingly consolidated their energy cooperation with Russia through programmes of regional and multilateral organisations. Northwest Russia remained a primary focus for cross-border cooperation. 10 By 2002 the EAES programme transformed into the Swedish International Climate Investment Programme (SICIP). The SICIP programme operated in close cooperation with the Baltic Sea Region Energy Cooperation (BASREC), which was initiated in 1998 by the energy ministers of the Council of the Baltic Sea States CBSS. 11 CBSS pursued cooperation in the energy sector as it was seen as key to political stability, security of energy supply, economic growth and sustainable development in the Baltic Sea region. In addition, the Barents Euro-Arctic Council (BEAC) initiated in 1998 a Joint Working Group on Energy (JEWG), aimed at promoting cooperation between energy experts, authorities, and investors, which facilitated renewable energy and energy efficiency projects in the Barents region [74] . While Russia did hardly put renewable energy on the agenda, through these regional organisations the other member countries and the EU affected Northwest Russia's energy agenda.
Financial institutions have also focused on sustainable energy developments in the region. Nordic Environment Finance Corporation (NEFCO), founded in 1990 by the five Nordic countries, has been engaged in a wide variety of projects supporting renewable energy, energy efficiency technologies, and modernization of industrial production facilities in Northwest Russia [76] . The International Finance Corporation (IFC) also contributed to shaping renewable energy in Russia by investing at the end of 2010 more than €120 million via a fiveyear Russia Renewable Energy Programme. The programme's ambitions are 205 MW of installed renewable generation capacity and reduction of 5 million tonnes of GHG emissions over a 20-year investment lifetime, especially in wind and bioenergy [77] . But three years after the start of the programme IFC observed only limited development, particularly at the federal level. While regional developments could provide an alternative to this federal stalemate, a general regulatory framework appears crucial for attracting renewable energy investments in the regions [78] . The 2012 EU-Russia Renewable Energy Plan (RUSTEC) of IFC aims at enhancing regional cooperation between Russia and bordering Nordic countries in biomass, wind, and hydro energy sector [79] , but also here lack of federal support may delay implementation [80] . The United Nations Economic Commission for Europe (UNECE) has supported since 2008 the development of Regional Biomass Action Plans (RBAPs) for the Leningrad region, the Tatarstan region and the Krasnodar region [81] .
Faced challenges
The development of pellet export from Russia is associated with a number of challenges. Firstly, early production of wood pellets was characterised by low quality products related to absence of specialised machinery and equipment, lack of production experience, poor transportation technologies and infrastructure, and absence of generally accepted product standards and norms. By the mid-2000s pellet producers had modernised their manufacturing with foreign technologies and investment. In the absence of national standards, producers strive to comply with common European pellet standards, such as DIN and DINplus, since 2010 gradually substituted by the pan-European pellets standard ENplus 14961-2 (which covered 40% of EU pellets consumed in 2013). Sales, however, are usually based on actual quality of exported pellets (e.g. ash and moisture content, calorific value), especially when batches are made up of pellets from different producers with varying quality [15] . Sustainability standards, such as those of FSC, are increasingly used in Russian pellet production but not often required for exports to the EU (see Box 2).
12 12 In contrast to liquid biofuels, no sustainability criteria have been implemented by the EU for solid biofuels [27] nor for biogas [82] . The first international private standards for wood pellets for energy production included the Green Gold Label (GGL) and the Laborelec system, both Chain-of-Custody (CoC) standards for product verification. They allow the use of other schemes to comply with sustainability criteria set out in the standard (e.g. FSC, PEFC). Currently a consortium of large pellets buyers have formed an initiative called 'International Absence of standards and monitoring has also affected the reliability of statistical data. There exists no undisputed data on production and export volumes of pellets, and most data are estimates. While it is generally difficult to determine international trade volumes for biomass due to multiple application of biomass streams [84] , tracking trade in wood pellets in Russia until 2012 was further complicated as pellet statistics were aggregated under HS 440130 code, which also included sawdust, shavings, wood waste and scrap. Since 2012 Russia employs a separate code -HTS 440131 -for sawdust and wood waste and scrap in the form of wood pellets [48] .
Finally, despite the continuous growth in production volumes, actual pellet production remains significantly below installed production capacities of pellet plants (estimated at 3 million tonnes) [49] . Many pellet plants do not operate up to their full capacity (see Box 2). This is explained by flaws in wood pellet projects design and business plans; lack of feedstock and competition for the feedstock between pellet producers; recovery of pulp and paper industry from economic crises; lack of experience in fine-tuning supply of raw material and exploitation of equipment; problems related to market entry and market conjuncture; and poor transport infrastructure [16, 85, 86] . Malikova [86] argues that 51% of all pellet projects are an investment failure, 13% of all projects are regarded commercially successful, and 36% operate at just acceptable performance levels. Diversification of sales strategy by stimulating domestic demand is often considered a new opportunity for pellet companies, as it may further strengthen the position of Russian wood pellet producers, and may make them less vulnerable from the EU market and price dynamics following EU climate and energy policies.
Conclusions
Wood biomass, and in particularly wood pellets development, is gaining momentum in Russia. Rapid growth of production volumes, extending production capacities and rising export volumes of wood pellets during the last decade have been accompanied by advancing market structures, creation of new institutions and recent advances in sustainable energy policies. Throughout this decade cooperation has intensified in regional networks. Earlier programmes of Nordic countries and regional organisations aimed at the transformation of the energy sector in Eastern Europe have resulted in neither quick institutional shifts nor rapid transition towards efficient and sustainable energy systems. Nevertheless, these programmes created cross-boundary networks of different stakeholders specialized in energy efficiency measures and renewable energy sources. These networks served as a basis for more successful cooperation projects and joint research activities on sustainable wood biomass in Russian Northwest, as it is the case with the Swedish-Russian "BioCentre" and the Norway-initiated Energy Efficiency Centres. With mounting wood biomass demand from Europe, Russian wood pellet producers have set up stable contacts with European and Russian biomass traders. And the established cooperation structures, knowledge networks and best practices prove vital in the current take off of domestic sustainable energy initiatives.
Wood Pellet Buyers' (IWPB) to streamline their quality and sustainability requirements to facilitate trade within the sector [83] .
Governmental attempts to stimulate innovation by linking stakeholders from public sector, business and academia, for instance through technology platforms, have had little results up till now. This is also valid for the recently adopted state policies: these rather legitimize existing private initiatives, such as wood pellets production, but do not provide tangible support to further expand renewable energy in general. Moreover, national priority given to development of hydrocarbons on the federal level has discouraged envisaged progress in renewable energy sources. However, policies and programmes on regional and local levels within Russia, have been more instrumental in recognising and advancing the potential of sustainable energy initiatives and the accommodation of new developments in existing economic structures. Regional governments have provided limited policy measures, mainly through subsidies to stimulate new ventures. There is a constantly growing number of compact biomass boilers in residential, municipal, and small industry heating systems that enhances local demand for wood residues, wood pellets and briquettes [57] .
Despite the orientation of large wood pellet companies to European exports, domestic market demand for wood pallet has increased as well. Price and demand fluctuations on the European wood pellet market stimulated Russian producers to diversify markets. This resulted in implementation of projects aimed at modernisation of pellet production processes and reduction of fossil fuel consumption. Additionally, regional energy security concerns have raised appreciation of locally available energy sources. Regions have reacted with varying success to new advances, but for the most part they were hindered by slow policy developments and lack of stimulus from the federal centre [89] .
Finally, Russia's membership of Nordic and Baltic Sea region organisations (CBSS, BASREC, EU Strategy for the Baltic Sea Region, and the Northern Dimension policy) increased the integration of Northwest Russia into the region around the Baltic Sea. This contrasts with other Russian regions (e.g. the Black Sea region or the Far East), where integration tendencies with Europe or other countries are largely absent, or even opposed by Russia [90] . For almost 40 years Russia has cooperated with Europe in the field of environment and energy, and Russian Northwest region has been a forerunner in that. These existing transnational networks, institutions and norms have a positive influence on the development of sustainable energy in Russia. However, the ongoing international crisis, especially between Russia and the EU, will test the resilience of established arrangements and it remains to be seen how the crisis affects the Russian (sustainable) energy sector.
